Introduction
Tetanus, a sporadic and relatively uncommon infection in Europe, is caused by Clostridium tetani. In the European Union, where it is a notifiable disease, it has been part of the primary vaccination schedule since the 1960s. Periodic booster doses are needed to maintain immunity [1] . In Italy, tetanus vaccination has been mandatory since 1963 for newborns and for workers engaged in activities considered to be at high risk of infection, e.g. construction, farming, refuse collection and animal husbandry. Outdoor jobs expose workers to tetanus spores, which are ubiquitous in the environment and typically enter the body through puncture wounds [2, 3] . The reported tetanus incidence in Italy fell from 0.5/100 000 in the 1970s to 0.2/100 000 in the 1990s.
The case-fatality ratio over this time fell from 68% to 39% [2] [3] [4] . Since 2006, Italy has reported the highest number of cases in Europe (range 53-64 a year) [1] . In view of occupational exposure risks in construction work, we evaluated the tetanus immunity status and associated factors in a group of construction workers in Italy.
Methods
We collected data between September 2011 and January 2013 at one occupational health service from all construction workers undergoing periodic occupational health surveillance, as required by Italian law (D.L. 81/08). All workers who attended were asked to participate. Demographic data (age, gender, occupation and vaccination history) were collected by a physician during the visit, using a questionnaire. Serum levels of tetanus antitoxin were determined by Tetanus ELISA IgG Testkit (Virotech; Genzyme Virotech GmbH, Rüsselsheim, Germany). A titre of >0.1 IU/ ml was considered protective. Data were processed and stored according to Italian privacy law. The study was approved by the ethics committee of Catania University Hospital.
Data were analysed using SPSS 20.0 software for Windows® (SPSS Inc., Chicago, IL, USA). Mean, standard deviation (SD) and percentages were used to evaluate descriptive statistics (age and numbers in each group with tetanus seropositivity). The chi-squared test was used to compare discrete variables (age group, geographic origin, occupation and education level). Student's t-test and analysis of variance were used to compare continuous variables (tetanus seropositivity). Risk factors for tetanus seropositivity were assessed by multiple linear regression analysis using backward Wald's criteria [5] . Sero-status was a dependent variable, and age, country of origin, education and occupation were independent variables. Regression analysis was computed as relative risk (odds ratio [OR]) with 95% confidence intervals (95% CIs). P < 0.05 was considered significant.
Results
All 5275 workers who attended agreed to participate, a 100% response rate. All were male; mean age was 43 ± 21 years; 11% (580) stated that they had never been vaccinated or that they could not recall being vaccinated, but of these, 4.5% (26) were found to be immune when tested. Seropositivity data, stratified by demographic variables, are shown in Table 1 . Tetanus antitoxin levels >0.1 IU/ml were detected in 78% (4116). Low antitoxin levels were associated with increasing age, geographic origin (particularly Morocco and Egypt), poorer education level and lower skilled work tasks. Table 2 shows OR and 95% CIs derived by multiple linear regression analysis of variables associated with tetanus immunity by age, geographic origin, education level and occupation.
Discussion
In this study, a significant minority (22%) of Italian construction workers were inadequately protected against tetanus. Seropositivity levels decreased with increasing age and were poorer among foreign workers. This is the first survey of tetanus immunization in construction workers in Italy, where tetanus is a long-standing problem [1] . The study was observational, but the sample was large. The relatively low seropositivity levels may be due to missed booster doses or to workers born before the 1960s not fully benefiting from World Health Organization-prescribed vaccination programmes [3, 6] , or may reflect the effectiveness of national immunization programmes [7] [8] . Italian law requires employers (through company occupational health professionals) to establish the tetanus immunization status of workers at risk and to provide and pay for their vaccination. The high proportion of workers with inadequate immunization found in this study may be related to the fact that they had just been employed because for many this was the first visit to the occupational physician. Emergency protocols for injuries suffered in circumstances that involve the risk of tetanus infection recommend administration of tetanus immunoglobulin and antibiotic therapy. These costs are borne by the Italian healthcare service. Considering the number of occupational accidents taking place in Italy every year, our data indicate that the cost of treating construction workers for possible tetanus infection could be as high as €6 million a year [9, 10] . Occupational health services should ensure that all construction workers are protected against tetanus infection, a significant occupational risk, as far as possible. Further data on workers' immune status would help identify groups lacking protection against tetanus, facilitating coverage of workplace vaccination programmes.
Key points
• In this study, a significant minority of Italian construction workers were inadequately protected against tetanus.
• A large number of construction workers in Italy are immigrants from countries where tetanus vaccination programmes are insufficient.
• Improving coverage of workplace tetanus immunization programmes is important for legal compliance, to provide a safer work environment and to reduce the costs associated with tetanus infections and post-exposure treatment.
